Introduction
============

Chronic heart failure (CHF) is a common disease that is widespread throughout the world, with nearly 20 million people suffering from this disease.[@b1-dddt-13-161] According to statistics, most patients with acute heart failure (AHF) have a history of CHF,[@b2-dddt-13-161] which occurs in both developing and developed countries.[@b3-dddt-13-161],[@b4-dddt-13-161] In addition, every occurrence of AHF affects other organ systems outside of the heart and accelerates the development of chronic diseases, thus leading to further increases in mortality due to AHF.[@b5-dddt-13-161] In the population that suffers from AHF, we find that elderly patients with hypertension account for a large proportion, although treatment strategies are lacking.[@b6-dddt-13-161] Various types of drugs and treatment methods are constantly being updated for the treatment of different types of heart failure; consequently, deaths due to CHF have been reduced, but the mortality rate of AHF is still high.[@b7-dddt-13-161] In the USA, most of these patients are treated in the emergency department, which results in heart failure diseases being common and expensive diseases that represent a heavy burden to the society.[@b8-dddt-13-161],[@b9-dddt-13-161]

The preferred treatment of hypertensive patients who have AHF, especially those who have significantly high blood pressure, severe distress and hypertension with AHF, usually involves the use of vasodilators,[@b10-dddt-13-161],[@b11-dddt-13-161] which can be found in the guide.[@b12-dddt-13-161],[@b13-dddt-13-161] The most commonly used vasodilators are nitroglycerin and other nitrates. This kind of drug can reduce heart filling pressure and SBP by reducing systemic vascular resistance.[@b10-dddt-13-161],[@b14-dddt-13-161] However, nitroglycerin has some side effects such as headache, flushing and reflex tachycardia.[@b15-dddt-13-161]

Urapidil acts as an antihypertensive drug and works by binding to both the α1-adrenoceptor in the peripheral vascular system and the serotonin (1A) receptors of 5-hydroxytryptamine (5-HT~1A~) receptor in the central nervous system.[@b16-dddt-13-161],[@b17-dddt-13-161] By inducing peripheral arteriovenous and pulmonary artery dilation, blood pressure gradually stabilizes.[@b18-dddt-13-161],[@b19-dddt-13-161] The effective and safe usage of urapidil was confirmed in studies focusing on hypertensive emergency patients, and the most suitable, applicable patients were the elderly.[@b20-dddt-13-161],[@b21-dddt-13-161]

In this study, we evaluated the efficacy and safety of urapidil compared with the efficacy and safety of nitroglycerin in the treatment of elderly patients with AHF.

Materials and methods
=====================

The present study was completed according to the PRISMA statement (Checklist S1 in [Supplementary material](#SD1-dddt-13-161){ref-type="supplementary-material"}).

Search strategy
---------------

Two investigators reviewed literature based on the patient/population intervention comparison outcome model principles.[@b22-dddt-13-161] The keywords used in these searches were "urapidil" and "heart failure", which were searched in the drop-down menu (All Fields) of the advanced search bars in the PubMed (US National Institute of Health's National Library of Medicine), EMBASE (a highly versatile, multipurpose and up-to-date biomedical database), The Cochrane Library (a database that brings together research on the effectiveness of health care treatments and interventions) and China National Knowledge Infrastructure, and these terms were connected by using the search term "AND". The initial time periods and languages of the searches were not limited, they just ruled the deadline to June 17, 2018. As searches under the guideline "Title/Abstract" resulted in the loss of relevant documents, the "All Fields" guideline was utilized. Finally, the eligible articles were chosen by the selection criteria. For disagreements on the selection of the studies, we submitted them to more experienced individuals to decide on the selection.

Selection criteria
------------------

1.  Participants. The inclusion criteria for the study were as follows: patients who satisfied the standard diagnostic criteria for hypertension (China Guidelines \[2010\]) and the standard diagnostic criteria for AHF (New York Heart Association \[NYHA\] II, III and IV).[@b23-dddt-13-161] Patients' ages were not limited by the study. The exclusion criteria were as follows: SBP ≤100 mmHg, cardiogenic shock, a contraindication of venous vasodilators, severe valve stenosis, hypertrophic obstructive cardiomyopathy, restrictive pericarditis, severe liver and kidney insufficiency or a tendency for bleeding, severe infection or autoimmune disease, a malignant tumor, a cerebrovascular accident or contraindication of related drugs, severe chronic wheezing bronchitis or acute pulmonary disease and allergies to drugs that were used in the institute.

2.  Intervention and comparison. The patients who received the urapidil treatment were represented as the intervention group, and the patients who received nitroglycerin were represented as the control group. Patients who had received other types of antihypertensive treatment were excluded.

3.  Outcomes. The clinical indexes containing DBP, SBP, heart rate (HR), N-terminal prohormone of brain natriuretic peptide (NT-proBNP), left ventricular ejection fraction (LVEF), left ventricular end-diastolic volume (LVEDV), left ventricular end-systolic volume (LVESV), left ventricular end-systolic dimension (LVESD), cardiac index, ALT, AST, LDL, creatinine levels, fasting plasma glucose levels, total cholesterol levels and disease complications were included as the outcomes of the study.

4.  Study design. Randomized controlled trials (RCTs) that compared the use of urapidil with the use of nitroglycerin were considered as studies qualified for the analysis.

Quality assessment
------------------

We divided selection, performance, detection, attrition, reporting and other biases into three degrees of risk and assessed the quality of the RCTs by using the Cochrane Handbook.

Data extraction
---------------

We extracted the data on first author, publication time, country, study design, number of patients, mean ages, percentages of sex and interventions. Any disagreements with the selected studies were decided by the other individuals who were previously mentioned.

Data analysis and statistical methods
-------------------------------------

Review Manager (version 5.3) was used to analyze the data. A risk ratio was used to calculate the dichotomous results, and the mean difference (MD) and standard mean difference were used to calculate both similar and differing evaluation indictor data of the dichotomous results, respectively. Furthermore, we used *I*^2^ values to assess the heterogeneity among the articles. If *I*^2^\>50, we used the random-effect model; conversely, if *I*^2^\<50, we used the fixed-effect model.

Results
=======

Search results
--------------

Through our query method, we searched a total of 378 articles and removed 44 identical articles by checking for duplicated articles. According to the understanding of the title and abstract, the investigators eliminated 299 articles. Finally, we selected seven articles after excluding similar articles by reading and analyzing the full text. The entire document screening process is represented in [Figure 1](#f1-dddt-13-161){ref-type="fig"}.

Risk of bias assessment
-----------------------

In these incorporated studies, all studies were RCTs, and the methodological quality of each study was evaluated according to the Cochrane Collaboration's tool. Only two RCTs were considered to be low risk, whereas the remainder were not considered to be of a better quality, due to an uncertainty bias. In these studies, the biases mainly existed in regard to allocation concealment, binding of participants and other biases. The detailed contents are shown in [Figure 2A and B](#f2-dddt-13-161){ref-type="fig"}.

Study characteristics
---------------------

Of the seven included articles, five studies were single-center studies and two studies were multicenter studies. For the two multicenter studies, we conducted a textual research and judgment in order to ensure that there were no repeated patients between the two studies. Nearly every article offered the general characteristics of the study populations. In all of the articles, the patients' conditions were evaluated by using the standard diagnostic criteria for hypertension (China Guidelines \[2010\]) and acute HF (NYHA II, III and IV). Finally, 1,028 patients were included in our study. Among them, 512 patients were treated with urapidil and 516 patients received nitroglycerin. The characteristics of these documents are presented in [Table 1](#t1-dddt-13-161){ref-type="table"}.

Outcomes of meta-analysis
-------------------------

### DBP, SBP, LVEF, LVESV and LVESD after 2 days of treatment

Three reports provided data (n=462) on DBP, SBP, LVEF, LVESV and LVESD. A random-effect model was used in the evaluation of DBP, SBP, LVESV and LVESD, due to the obvious heterogeneity that existed among the studies (DBP: *I*^2^=97%, *P≤*0.00001; SBP: *I*^2^=97%, *P≤*0.00001; LVESV: *I*^2^=88%, *P*=0.003; LVESD: *I*^2^=83%, *P*=0.01). A fixed-effect model was used for the analysis of LVEF and no significant heterogeneity was found (LVEF: *I*^2^=0%, *P*=0.99). The effect of hypotension on DBP, SBP, LVESV and LVESD in the urapidil treatment group was not lower than that in the nitroglycerin group (DBP: two studies, 312 participants, MD: −3.72, 95% CI: −15.75, 8.32, *P*=0.54; SBP: two studies, 312 participants, MD: −1.46, 95% CI: −16.12, 13.20, *P*=0.85; LVESV: two studies, 390 participants, MD: 0.35, 95% CI: −24.49, 25.19, *P*=0.98; LVESD: two studies, 390 participants, MD: −0.36, 95% CI: −0.86, 0.15, *P*=0.17). The effect of hypotension on LVEF in the urapidil group was better than that in the nitroglycerin group (LVEF: two studies, 390 participants, MD: 4.25, 95% CI: 1.86, 6.64, *P*=0.0005; [Figure 3](#f3-dddt-13-161){ref-type="fig"}).

### DBP, SBP, HR, CI, NT-proBNP, LVEF and LVEDV after 7 days of treatment

There were five reports that provided data (n=638) for DBP, SBP, HR, CI, NT-proBNP, LVEF and LVEDV. Random-effect models were used for the analysis of DBP, SBP, NT-proBNP, LVEF and LVEDV, which had a higher degree of heterogeneity (DBP: *I*^2^=69%, *P*=0.04; SBP: *I*^2^=93%, *P≤*0.00001; NT-proBNP: *I*^2^=98%, *P≤*0.00001; LVEF: *I*^2^=78%, *P*=0.001; LVEDV: *I*^2^=67%, *P*=0.03). Fixed-effect models were used for the analysis of HR and CI, and they exhibited a small degree of heterogeneity (HR: *I*^2^=17%, *P*=0.30; CI: *I*^2^=10%, *P*=0.33). The effect of hypotension on DBP and HR in the urapidil group was not lower than that in the nitroglycerin group (DBP: three studies, 258 participants, MD: −2.60, 95% CI: −5.40, 0.19, *P*=0.07; HR: three studies, 258 participants, MD: −0.77, 95% CI: −1.63, 0.09, *P*=0.08). The effect of hypotension on SBP, NT-proBNP, LVEF, LVEDV and CI in the urapidil group was better than that in the nitroglycerin group (SBP: four studies, 438 participants, MD: −10.93, 95% CI: −16.66, −5.20, *P*=0.0002; NT-proBNP: four studies, 438 participants, MD: −5.23, 95% CI: −7.64, −2.82, *P*\<0.0001; LVEF: five studies, 638 participants, MD: 9.75, 95% CI: 8.42, 11.09, *P*\<0.00001; LVEDV: four studies, 544 participants, MD: −17.36, 95% CI: −22.27, −12.45, *P*\<0.00001; CI: three studies, 364 participants, MD: 0.69, 95% CI: 0.57, 0.80, *P*\<0.00001; [Figure 4](#f4-dddt-13-161){ref-type="fig"}).

### ALT and AST after 7 days of treatment

Two reports reported the statuses of ALT and AST after medication treatments. We again used random-effect models, and a significant heterogeneity was not found for AST, but a significant heterogeneity was found for ALT (AST: *I*^2^=0%, *P*=0.33; ALT: *I*^2^=63%, *P*=0.10). The advantage of the urapidil group was demonstrated for both AST and ALT (AST: two studies, 252 participants, MD: −2.45, 95% CI: −3.27, −1.63, *P*\<0.00001; ALT: two studies, 252 participants, MD: −2.60, 95% CI: −4.86, −0.33, *P*=0.02; [Figure 5](#f5-dddt-13-161){ref-type="fig"}).

### Fasting plasma glucose after 7 days of treatment

The levels of fasting blood glucose were provided in three reports that included a total of 346 patients. Random-effect models were used, and no heterogeneity was found (*I*^2^=0%, *P*=0.61). The level of fasting blood glucose in the experimental group was higher than that in the control group (MD: −0.05, 95% CI: −0.44, 0.33, *P*=0.79). The subgroup of diabetic patients also exhibited the same results (*I*^2^=0%, *P*=0.42, MD: −0.31, 95% CI: −1.24, 0.63, *P*=0.52; [Figures 7](#f7-dddt-13-161){ref-type="fig"} and [8](#f8-dddt-13-161){ref-type="fig"}).

### Total cholesterol

Two articles, with a total of 166 patients, provided outcomes of total cholesterol levels. Random-effect models were used, and an obvious and significant heterogeneity was found (*I*^2^=98%, *P*\<0.00001). The results showed that total cholesterol levels in the urapidil group were higher than those in the nitroglycerin group (MD: −0.02, 95% CI: −1.84, 1.81, *P*=0.99). The subgroup of diabetic patients exhibited the opposite result (*I*^2^=0%, *P*=0.77, MD: 0.82, 95% CI: 0.45, 1.20, *P*\<0.001; [Figures 9](#f9-dddt-13-161){ref-type="fig"} and [10](#f10-dddt-13-161){ref-type="fig"}).

### Complications

The data regarding complications were available in five reports, with a total of 678 patients. A fixed model was used, and slightly significant heterogeneity was observed between the two groups (*I*^2^=41%, *P*=0.15). At the same time, the results showed that the effect of urapidil was better than the effect of nitroglycerin in regard to complications (MD: 0.24, 95% CI: 0.15, 0.38, *P*\<0.00001). In addition, we performed a sensitivity analysis of the data. When we deleted the Yang et al (2017) study,[@b24-dddt-13-161] the differences in heterogeneity disappeared and the result was not changed ([Figure 11](#f11-dddt-13-161){ref-type="fig"}).

Discussion
==========

Heart failure refers to circulatory dysfunction that is caused by myocardial relaxation or systolic dysfunction. The treatment for heart failure is to reduce the preload and afterload of the heart.[@b25-dddt-13-161] Nitroglycerin regulates calcium channels through the action of nitric oxide (NO), which causes the blood vessels to dilate,[@b26-dddt-13-161] but tolerance to this drug may occur in patients within 24 hours.[@b27-dddt-13-161] However, the mechanism of action of urapidil depends on α1-adrenoceptors and 5-HT receptors. Furthermore, α-blockers can also improve the blood lipid profile and glucose metabolism.[@b28-dddt-13-161] To confirm the effectiveness and safety of urapidil, we performed a meta-analysis in order to estimate the effectiveness and safety parameters.

In our analysis, we analyzed the evaluation indicators from two time points. On comparing the LVEF in the experimental group and control group, within 2 days, the experimental group was better than the control group, but the LVEF of both groups reached the normal level (LVEF \>50%). However, there was no difference between the two groups in terms of LVESD; therefore, this result was not consistent with the LVEF result between the two groups. Because we knew that the increase in LVEF is necessarily accompanied by a decrease in blood volume after ventricular contraction, the LVESD should be reduced at this time.[@b29-dddt-13-161] We analyzed and speculated the cause of this phenomenon. First, LVEF parameters had a high heterogeneity, and few studies were included in the analysis, which meant that a sensitivity analysis could not be performed; thus, the final conclusion may be offset. Second, the articles describing LVESD are few in number. If there were enough data, we might have observed an ideal result that is the same as the results found in the trials.

Within 7 days, most of the indicators reflecting the systolic function of the heart revealed the advantages of the experimental group treatment, such as improvements in SBP, NT-proBNP, LVEF, LVEDV and CI. The levels of ALT and AST mainly reflected the function of the liver, and the creatinine levels demonstrated the renal function. Both studies provided data on the toxicity of the drugs and reached the same conclusion, namely, the two drugs were similar in terms of safety.[@b23-dddt-13-161],[@b24-dddt-13-161] However, through the integrated analysis of the data, we found that urapidil caused less damage to the liver and kidney functions than nitroglycerin. This obviously could not be confirmed by a single experiment. In addition, we also found that urapidil could be used in patients with diabetes, which was confirmed in both in vitro and in vivo experiments.[@b30-dddt-13-161],[@b31-dddt-13-161]

Previous portions of this paper included a discussion of the two drugs, in terms of the treatment effects, after which we analyzed the possible health complications. The elderly AHF patients often have difficulty in tolerating the complications of the drug treatments, especially headache and tachycardia.[@b14-dddt-13-161] This is because urapidil activates the 5-HT receptor and effectively suppresses the sympathetic feedback regulation of the medullary cardiovascular motor center, which is a safer method of action than that of nitroglycerin.[@b32-dddt-13-161] Moreover, urapidil also showed no negative effects in comparison with the readmission rates and mortality rates that were mentioned in the individual experiments.

At present, animal studies have shown that nonsteroidal anti-inflammatory drugs (NSAIDs) can reduce nitroglycerin-induced, NO-mediated brachial vasodilation.[@b33-dddt-13-161] The specific reason is that the NSAIDs are related to the synthesis of thromboxane A2, which regulates vascular homeostasis.[@b34-dddt-13-161] This treatment seemed to ameliorate the side effects of nitroglycerin treatment, but many studies have confirmed that the use of NSAIDs can increase the risk of cardiovascular disease, especially in patients with hypertension, dyslipidemia, diabetes and congestive heart failure.[@b35-dddt-13-161] For the combined use of urapidil and NSAIDs, research has yet to be conducted.

The current research had certain strengths and weaknesses. In terms of strengths, it was the first meta-analysis to compare the use of urapidil with traditional nitroglycerin treatment in hypertensive, elderly patients with AHF. Furthermore, we integrated a small sample of data and discussed the advantage of urapidil treatment, which may help emergency doctors in better managing the disease. Second, our selection of articles was extremely strict, which would reduce the incidence of bias. Third, for the special indicators, we conducted a subgroup analysis. In regard to weaknesses, some of the analyzed clinical studies did not provide statistics; therefore, these data were not included in statistical analyses. Additionally, some experiments had defects in the experimental design, and all of the studies were performed in PR China. The geographic limitations might lead to an ethnic shift. All of these shortcomings might influence some of the reported indexes.

Conclusion
==========

On analysis of the current evidence, the use of urapidil has been found to improve the LVEF and has no effect on DBP, SBP, LVESD and LVESV in a 2-day time period compared with the use of nitroglycerin. However, the SBP, NT-proBNP, LVEF, LVEDV, CI, ALT, AST and health complications were ameliorated 7 days after urapidil treatment. In addition, the creatinine levels were decreased on treatment with urapidil compared to nitroglycerin. The current quality and quantity of the experiments for this study are both still at a relatively low degree, and all of the present studies originate from Asia. Therefore, more research is needed from other countries in order to avoid the possibility of race deviation, as well as to confirm these results.
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![Forest plot diagram showing the DBP, SBP, LVEF, LVESV and LVESD.\
**Abbreviations:** *df*, degrees of freedom; IV, intravenously; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic dimension; LVESV, left ventricular end-systolic volume.](dddt-13-161Fig3){#f3-dddt-13-161}

###### 

Forest plot diagram showing the DBP, SBP, HR, CI, NT-proBNP, LVEF and LVEDV.

**Abbreviations:** *df*, degrees of freedom; HR, heart rate; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal prohormone of brain natriuretic peptide.
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![Forest plot diagram showing ALT and AST.\
**Abbreviation:** *df*, degrees of freedom.](dddt-13-161Fig5){#f5-dddt-13-161}
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![Forest plot diagram showing the fasting plasma glucose of diabetics.\
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![Forest plot diagram showing the total cholesterol of diabetics.\
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![Forest plot diagram showing the incidence of complications.\
**Abbreviations:** *df*, degrees of freedom; M--H, Mantel--Haenszel.](dddt-13-161Fig11){#f11-dddt-13-161}

###### 

Summary of characteristics of the included studies

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristic                                Author, year                                                                                                                         
  --------------------------------------------- --------------------- --------------------- --------------------- --------------------- --------------------- ---------------------- ---------------------
  Country                                       PR China              PR China              PR China              PR China              PR China              PR China               PR China

  Study design                                  RCT                   RCT                   RCT                   RCT                   RCT                   RCT                    RCT

  No of patients (urapidil/nitroglycerin)       46/46                 35/37                 47/47                 89/91                 75/75                 120/120                100/100

  Age, years (mean) (urapidil/nitroglycerin)    61.3/61.5             70.68/71.53           69.35/70.19           77.5/76.9             70.1/69.7             70.2/69.6              65.2/65.5

  Male (%) (urapidil/nitroglycerin)             54/61                 54/54                 66/62                 57.3/59.3             64/60                 65/60                  56/54

  Weight, kg (mean) (urapidil/nitroglycerin)\   25.1/24.5\            NR\                   NR\                   NR\                   NR\                   NR\                    NR\
  NYHA                                          ≥II                   III or IV             ≥II                   ≥II                   NR                    NR                     NR

  Urapidil\                                     100 mg U\             100 mg U\             100 mg U\             100 mg U\             100 mg U\             100 mg U\              100 mg U\
  Nitroglycerin                                 50--100 µg/min (IV)   50--100 µg/min (IV)   50--100 µg/min (IV)   50--100 µg/min (IV)   50--100 µg/min (IV)   100--300 µg/min (IV)   50--100 µg/min (IV)

  10 mg N\                                      10 mg N\              10 mg N\              10 mg N\              10 mg N\              10 mg N\              10 mg N\               
  5--10 µg/min (IV)                             10 µg/min (IV)        5--10 g/min (IV)      5--10 µg/min (IV)     5--10 µg/min (IV)     10--20 µg/min (IV)    5--10 µg/min (IV)      
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Note:**

Articles are found in the database in China.

**Abbreviations:** IV, intravenously; N, nitroglycerin; NR, not reported; NYHA, New York Heart Association; RCT, randomized controlled trial; U, urapidil.
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